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ABSTRACT

Throughout Canada, the United States and much of Europe,
prostate-specific antigen (PSA) screening for prostate cancer
has proliferated over the past 2 decades, leading to dramatic
increases in detection rates of prostate cancer. Although it
has unquestionably led to increased detection of cancer and
a migration to lower-stage and -volume tumours, it is still
unknown whether PSA screening significantly reduces mor-
tality from prostate cancer. Often thought to be dichoto-
mous (i.e., either normal or elevated), PSA measurements
actually reflect cancer risk, with the risks of cancer and of ag-
gressive cancer increasing with the level of PSA. The recently
developed risk calculator from the Prostate Cancer Preven-
tion Trial, which integrates family history of prostate cancer,
digital rectal examination findings, PSA test result, age,
ethnicity, and history of a prior prostate biopsy with a nega-
tive result, allows clinicians to assess a patient’s individual
risk of cancer. This risk should be examined in the context of
a patient’s life expectancy and comorbidity as well as his
concern about the possibility of prostate cancer. The terms
“normal” and “elevated” as descriptors of PSA results
should be abandoned.
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arly diagnosis and treatment of prostate cancer was

first suggested a century ago.* It was observed that,

when detected early, most prostate cancers can be
treated and cured, whereas when prostate cancer is diag-
nosed after symptoms have appeared, metastases are gener-
ally present. Like most intuitive notions, that early detection
reduces population mortality is unproven.” Prostate cancer
screening is currently being tested in 2 large randomized clin-
ical trials, one in the United States® and the other in Europe.*
The US trial, an ongoing study that has tested screening for
lung, colorectal and ovarian cancer sites as well as prostate,
has enrolled 155 ooo women and men 55-74 years of age.
The European study is a 7-country trial that enrolled 163 126
men between 1992 and 2001 and randomly assigned them to
screening tests versus community patterns of care. The re-
sults of these studies may require several more years to com-
plete. Advocates of screening point to an increased rate of dis-
covery of lower-stage cancer, a fall in the incidence of
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metastatic disease and a reduction in related mortality about
5 years after widespread prostate-specific antigen (PSA)
screening was begun in the United States.® Critics point to ev-
idence of high rates of overdetection: the lifetime risk of diag-
nosis is currently 18%, whereas that for death from prostate
cancer is 3%. Overdetection leads to overtreatment, with the
resultant costs, side effects, complications and increased pa-
tient anxiety that are associated with any of the wide-ranging
current treatments.®

Most men who receive a diagnosis of prostate cancer after
PSA screening are found to have clinically localized disease
and are offered a range of treatments, which include radio-
therapy, surgery or simple observation (i.e., watchful wait-
ing). In addition to cancer control, important issues around
treatment include urinary, sexual and bowel function. Unfor-
tunately, comparing the cancer-control outcomes of the vari-
ous therapies is difficult because of the paucity of random-
ized clinical trials, a migration toward diagnoses at a lower
clinical stage of disease and changes in tumour grade assign-
ment over time. Only one sufficiently powered randomized
clinical trial has compared treatments head-to-head. In this
study,” 695 men with clinically localized prostate cancer
were randomly assigned to watchful waiting or radical pros-
tatectomy. The surgery group had significantly lower risks of
local progression, metastatic disease, death from cancer and
overall death.

Despite debate about screening, in many countries a PSA
test and digital rectal examination are part of a routine med-
ical check-up. Although the Canadian Task Force on Preven-
tive Health Care (formerly called the Canadian Task Force on
the Periodic Health Examination) currently finds insufficient
evidence to promote screening for the early detection of
prostate cancer in asymptomatic men, and both the Canadian
Urological Association and the Prostate Cancer Alliance have
recommended that it be performed only after detailed dis-
cussion of the pros and cons between doctor and patient, a
recent nationwide survey indicated that almost half of Cana-
dian men over 50 years of age reported receiving PSA screen-
ing during their lifetime, 72% of these during the preceding
year.®** Awareness, utilization and knowledge of the pros
and cons of PSA screening, however, vary considerably by re-
gion in Canada,"" and physicians and patients alike would
benefit from clarification of the information currently avail-
able about this screening method.*
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Issues in screening and biomarker evaluation
The goal of screening

The goal of screening is to identify a disease at a stage in its natu-
ral history where treatment can be implemented to prevent death
or suffering.*>** Achieving that for prostate cancer is problematic
because of the variable natural history of the disease. Autopsy
studies have found that 27% of men in their 30s and 34% of men
in their 40s have histologic evidence of this disease.”” These
rates, which increase even further over a man’s lifetime, must be
contrasted with a current lifetime risk of disease diagnosis in
the United States of 18% (up from 8% before the advent of PSA
screening) and a lifetime risk of death from prostate cancer of
3%."® These data suggest both overdetection of some prostate
cancers and a failure to diagnose some cases of aggressive dis-
ease at a stage that is sufficiently early to achieve a cure.

Measurement of performance of screening tests

The ideal screening test for prostate cancer should be dichot-
omous, with a result of either “cancer present” or “cancer not
present.” In reality, the results of screening tests are continu-
ous. Their performance in classifying subjects can be meas-
ured in several ways. One method reports sensitivity (i.e., the
fraction of diseased men who test positive) and specificity
(the fraction of nondiseased men who test negative). These
measures allow an interpretation of trade-offs between maxi-
mizing the number of prostate cancers detected (sensitivity,
equivalent to minimizing the false-negative rate, which is 1 —
sensitivity) and minimizing the number of false-positive tests
(1 — specificity). In prostate cancer screening, a test must have
a false-positive rate that is low (e.g., < 20%) to be considered
sufficiently ethically sound and economically feasible for
widespread use; a cut-off value is then chosen that maximizes
the sensitivity of the test under this constraint. Unfortunately,
as will be described, the leading biomarker for prostate can-
cer, PSA, has a low sensitivity: about 40%.

A shortcoming of the use of sensitivity and specificity to
evaluate tests is that these measures do not convey the full in-
formational content and complexity of continuous screening
tests. Tests based on biologic markers must be assigned a
cut-off level to produce a dichotomous (positive or negative)
result. Likelihood ratios, which report how much more likely
a person with disease is to have a specific test result than a
person without, have a useful clinical interpretation as a risk
ratio and do not require the dichotomization of continuous
measures. However, a likelihood ratio is a single number that
cannot be broken into the false- and true-positive rates of in-
terest to public policy—makers.*’

Biases in the evaluation of biomarker
performance

An error common throughout the history of prostate cancer
screening might be described as a self-fulfilling prophecy: If
you don’t look for it, you won’t find it. In the late 198os, with-
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out preliminary validation studies to ascertain test perfor-
mance, a cut-off level of 4.0 ng/mL was widely adopted, and
virtually no patients with levels less than that underwent bi-
opsy. As a result, for almost 2 decades prostate cancer was
generally thought to be almost nonexistent at PSA levels un-
der 4.0 ng/mL. As we later found, this was incorrect and PSA
results, like those of other markers, are not dichotomous.>
Because of the failure to verify the true prostate-cancer status
of men with low PSA concentrations and the subsequent ex-
clusion of these men from formal evaluations of the operat-
ing characteristics of the test, many of the earlier reports on
the test’s sensitivity and specificity were upwardly biased.*

Repeat biopsies also exacerbate this verification bias. When
a biomarker is tested, there are positive test results for indivi-
dual patients in whom, at biopsy, no disease is found. This is a
major problem for this subpopulation: men screened for pros-
tate cancer who test positive for a biomarker but have a nega-
tive biopsy result are likely to undergo multiple repeat biopsies
during follow-up. Rarely are biomarker studies updated with
respect to these later events. A more insidious predictive bias
involves those people whose biomarker (e.g., PSA) findings
are elevated. These men often undergo a biopsy and, if the
result is negative, also often undergo many biopsies over the
ensuing years. Because the likelihood of cancer detection is
directly related to the degree of prostate sampling, an elevated
PSA level leads to repeated biopsies until cancer is found. In
contrast, a PSA measurement in the normal range results in
less frequent ascertainment and a higher risk of a missed can-
cer diagnosis.

Another bias that directly affects cancer detection involves
the biopsy method. The posterior region of the prostate gland
is where most cancers arise; biopsies are directed (somewhat
randomly) to sample from that area. The average number of
biopsy cores taken varies by clinical practice. In initial screen-
ing studies, investigators obtained 4 biopsy cores. In 1989,
this increased to 6 cores; more recently, numbers have ranged
from 12 to 24 cores. This increased number of biopsy cores
dramatically increases the likelihood of cancer detection.**>*
Moreover, the size of the prostate gland (i.e., its volume)
varies from patient to patient. Successful cancer detection is
more likely in a smaller than a larger prostate; this produces a
bias in the evaluation of PSA screening that is related to the
presence and size of the cancer as well as the size of the
prostate itself.>

Prostate-specific antigen

This biomarker, a human kallekrein secreted by prostate epi-
thelial cells, is a normal component of the ejaculate. These
epithelial cells are also the progenitor cells of prostate adeno-
carcinoma.

The adoption of PSA screening in the United States could
not have been predicted from the initial reports. A substantial
overlap in values was found between patients with and with-
out cancer. Initial recommendations for the upper limit of the
normal range varied from 2.5 to 24 ng/mL.>*>*” With about
8% of the population having a PSA level above 4.0 ng/mL, for
whom the lifetime risk of disease is about 8% (at that time)
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and for whom the risk of cancer at prostate biopsy was about
25%, PSA screening became a fait acompli, especially after
the US Medicare decision to pay for one such screening test
per man per year.”*>*

In the late 19gos, reports suggested that the risk of pros-
tate cancer at biopsy at PSA levels of 2.5-4.0 ng/mL was
similar to that at 4—10 ng/mL.>**** In 2003, we reported the
results of the Prostate Cancer Prevention Trial,>* a study
comparing finasteride with placebo. In this study, 9459 men
who received placebo had an annual PSA test and a digital
rectal examination; biopsy was recommended if the PSA level
exceeded 4.0 ng/mL or if digital rectal examination results
were abnormal. After 7 years, all participants not found to
have prostate cancer were recommended to undergo biopsy.
A surprising cancer prevalence was found in what was
thought to be a low-risk group. In the placebo group, of the
men whose PSA levels remained below 4.0 ng/mL and whose
annual rectal examination results were consistently normal
(n = 2950) — a group that would previously have been re-
garded as disease free — 15% were found to have prostate
cancer and of these, 15% had high-grade prostate cancer
(Fig. 1,>° Box 1). Even within the o—4.0 ng/mL interval, the
PSA level was a continuously increasing marker of prostate
cancer risk, with no boundary below which no prostate can-
cer was found.

Our next investigation explored a notion that had been pre-
viously held: high-grade prostate cancer cells do not make
PSA.>* We examined 5587 men in the placebo group, all of
whom eventually underwent prostate biopsy.* We found that,
for cancer detection, the area under the receiver—operating
characteristic curve (a measure of the performance of a test;
the area under the receiver—operating characteristic curve of
the toss of a coin has a value of 0.5, whereas that for any test
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[ All prostate cancers
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Risk of prostate cancer, %
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Fig. 1: Risk of prostate cancer by range of prostate-specific
antigen level. Data are from control subjects involved in the
Prostate Cancer Prevention Trial (N Engl / Med 2004;350:2239-
46)*° who had normal digital rectal examination results and
prostate-specific antigen levels < 4.0 ng/mL throughout the 7-
year study, as well as an end-of-study biopsy (n = 2950). High-
grade cancer refers to a Gleason score > 7.
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Box 1: Prostate cancer grade: the Gleason scoring system

 This grading system ranges from 1 (the least aggressive) to
5 (the most aggressive histologic pattern).

» Because tumours are often heterogeneous and multifocal,
a biopsy needle can sample multiple patterns. The primary
(most common) pattern is stated first, with the secondary
pattern listed second in an “x+y” reporting format (e.g.,
Gleason 3+4).

» Grades for both patterns are added together to give the
Gleason score.

» More information is revealed if the most common and the
second most common values are provided separately; for
example, a 3 [most common] + 4 [second most common]
grade is less aggressive than a 4 [most common] + 3
[second most common] grade, even though the overall
Gleason score is 7 in either case.

» The range of possible Gleason scores or combined grades is
from 2 to 10.

» Gleason patterns 1 and 2 are uncommon; therefore, most
Gleason scores that are reported range from 5 to 10.

with 100% sensitivity at all specificities has an area of 1.0) for
PSA screening was 0.68 (95% confidence interval [CI] 0.67—
0.609), a reasonable level of test performance. Moreover, al-
though we observed high-grade tumours in many patients
whose PSA levels were low, the test performed even better at
detecting high-grade disease (Fig. 2): for a Gleason tumour
score of 7 or more, the area under the receiver-operating char-
acteristic curve was 0.78 (95% CI 0.75-0.82); for a Gleason
score of 8 or more, 0.83 (95% CI 0.76-0.89).

Unfortunately the receiver—operating characteristic curve
does not tell the whole story. Table 1 shows the PSA levels as
well as sensitivities, specificities and likelihood ratios.* If the
goal in screening a patient for prostate cancer is to be 80%
certain that the clinician does not miss cancer, a PSA cut-off
of about 1.1 ng/mL must be used and will result in biopsy of
almost 60% of men who do not have prostate cancer. For de-
tection of Gleason x 8 or higher disease, the 80% sensitivity
level allows the physician to use a PSA of 2.6 ng/mL and the
false-positive rate is cut by more than half. Unfortunately, fo-
cusing only on high-grade disease ignores recent findings®’
that about a third of men who died of prostate cancer had a
Gleason disease score at diagnosis of 6 or less.

Other biomarkers

Studies have reported good operating characteristics of
other PSA-related measures; such findings suggest that
they outperform PSA. A frequent example is PSA velocity: a
rising PSA is often used as an indication for prostate biop-
sy. We have demonstrated that, although PSA velocity is an
indicator of risk, when the absolute value of PSA is incor-
porated into the analysis, velocity provides no independent
predictive value for cancer risk.>® Updated guidelines based
on recommended new markers that did not undergo due
comparison to PSA may ultimately not improve prostate
cancer screening.
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Digital rectal examination

Herein we include digital rectal examination as a measure
of risk. Not truly a biomarker, the procedure may best be
characterized as either a risk measure or a biomeasure. The
range of findings from this examination have differing pre-
dictive values for prostate cancer. Unfortunately, the test is
not standardized and varies widely among physicians,***°
as reflected by large-scale population studies in which the
rate of abnormal findings from digital rectal examination
varied from 3% to 12%.*"** It is generally accepted that any
abnormality found during digital rectal examination should
prompt prostate biopsy, and that this examination has pre-
dictive value for prostate cancer diagnosis that is indepen-
dent of that of PSA.>”

There is active research in the early validation stages for
other prostate cancer biomarkers, including PCA3, in which
the messenger RNA from the gene (which is highly expressed
in prostate cancer) can be measured in urine.**** Another
commonly used marker is the percentage of free PSA, in
which the ratio of free to total PSA is measured.* Protein pro-
filing with surface-enhanced laser desorption or ionization
mass spectrometry has been found to have a sensitivity of
83% and a specificity of 97% for prostate cancer,*® but the
technique has many technologic, replication and validation
issues that could hamper its general use.

Creating a clinical decision-making tool

In addition to PSA and digital rectal examination findings,
there are other risk factors of importance, such as age, family
history of prostate cancer, ethnicity, other hereditary and en-
vironmental factors and attributes (e.g., diet, body mass in-
dex, supplement use), and a prior biopsy with negative results
for cancer. Historically, physicians estimated a patient’s risk
based on clinical experience and anecdote as well as an un-
derstanding of the medical literature. Unfortunately, experi-
ential estimates are often inaccurate.*’

Table 1: Test sensitivities, specificities and likelihood ratios
(LR)* by serum prostate-specific antigen (PSA) concentration
for a prostate biopsy result that is positive for cancer

Prostate cancer, any grade  Gleason grade > 8 cancer

Ezﬁr,nL Sensitivity Specificity LR Sensitivity Specificity LR
1.1 83.4 38.9 1.36 94.7 35.9 1.48
2.1 52.6 725  1.91 86.0 65.9 2.52
2.6 40.5 81.1  2.14 78.9 75.1 3.17
3.1 32.2 86.7 2.42 68.4 81.0 3.60
4.1 20.5 93.8  3.31 50.9 89.1 4.67
6.1 4.6 98.5  3.07 26.3 97.5 10.52
10.1 0.9 99.7  3.00 5.3 99.5  10.60

*Data are from the Prostate Cancer Prevention Trial (JAMA 2005;294:66-70) .3

To investigate how these risk factors could be integrated,
we evaluated 5519 men from the placebo group of the Prostate
Cancer Prevention Trial who underwent prostate biopsy and
had a PSA test and digital rectal examination within the year
preceding the biopsy, who had at least 2 previous annual PSA
measures and for whom we had data on age, ethnicity, pre-
vious biopsy results and family history of prostate cancer.?”
Using logistic regression, we found 4 variables to be indepen-
dently and significantly associated with the presence of pros-
tate cancer in the biopsy sample (Fig. 3): PSA level,** family
history of prostate cancer, an abnormal result from a digital
rectal examination and (inversely) a previous negative biopsy
result — men with a previous negative biopsy result had a sig-
nificantly and independently reduced risk of cancer at biopsy.
Predictors of high-grade (Gleason score > 7) cancer found at
biopsy included PSA level, abnormal findings from a digital
rectal examination, older age and African—American ancestry,
whereas a previous negative biopsy result was associated with
a lower risk of high-grade cancer (Fig. 3). To help clinicians
and patients use the findings from this analysis,** we devel-

Fig. 2: Micrographs of thin slices of prostate cancer tissue. Left, a mixture of two grade 3 patterns: Gleason grade 3+3 (a score of 6).

Right, the most aggressive histologic pattern: Gleason score 10.

CMAJ

« JUNE 19, 2007 -

176(13) | 1856



REVIEW

Less
likely More likel
y ' Iy | |

Prostate cancer,
any grade

Log PSA level

Family history
Abnormal DRE result
Prior negative biopsy
High-grade

prostate cancer

Log PSA level
Abnormal DRE result
Increasing age

African-American
ancestry

Prior negative biopsy

0
0Odds ratio and 95% confidence interval

Fig. 3: Forest plot of risk factors for prostate cancer and for
high-grade prostate cancer (Gleason score > 7) if a prostate
biopsy is performed. PSA = prostate-specific antigen, DRE = dig-
ital rectal examination.

oped a risk calculator (available at www.compass.fhcrc.org
ledrnnci/bin/calculator/main.asp) that uses these variables to
provide estimates of risk of prostate cancer and of high-grade
disease along with 95% confidence intervals. This calculator
has been independently validated both within the Prostate
Cancer Prevention Trial and on external populations.*

Counselling patients

A physician should review with a patient that a prostate biopsy
has 3 potential outcomes (summarized in Table 2). The firstis
a negative biopsy (no cancer). The benefit of this result is that
the patient is informed of no current evidence of prostate can-
cer. It must also be recognized that the biopsy was, in retro-
spect, unnecessary; that a tumour could have been missed;
and that prostate cancer could develop later. Another potential
outcome is high-grade (aggressive) prostate cancer (Gleason
score 7—10). The benefit of this result is that early diagnosis
may give the patient an opportunity for curative treatment.
Two disadvantages are that the disease may be incurable at di-
agnosis or (although uncommon) could be indolent and des-
tined to cause no problems during the patient’s lifetime. The

2 3 4 5

remaining possible result is a less aggressive prostate cancer.
Some of these tumours cause illness and death, which early
treatment may prevent. More commonly, based on the rate of
diagnosis we found in the Prostate Cancer Prevention Trial,
slower-growth tumours will be detected for which treatment is
unnecessary. Unfortunately, because it is not possible at this
time to distinguish with certainty indolent tumours from mor-
bid ones, most men with this third outcome receive treatment
with the intention to cure.

Ideally, patients should attach different weights to the
benefits and risks of the 3 outcomes and decide, based on
their personal priorities and risk aversions, whether or not to
undergo biopsy. It is likely that patients will rely on the advice
and experience of the treating physician; for this reason,
counselling clinicians must be fully aware of the entire range
of prostate cancer outcomes.

Once a decision is made to use PSA tests for screening, the
Prostate Cancer Prevention Trial risk calculator can be used to
incorporate a patient’s PSA measurements with all other risk
factors into an individual estimate of prostate cancer risk. The
estimates of risk (both of all grades of prostate cancer and of
high-grade cancer) and their consequences can then be dis-
cussed with the patient along with the advantages and disad-
vantages of this knowledge and subsequent treatment. Pa-
tients can then use their own priorities on disease, treatment
and functional changes after treatment to decide whether to
proceed with a biopsy. Ultimately, this counselling process
will then lead to a better-informed patient if a biopsy is per-
formed and cancer is detected.

Conclusion

It is unproven that population-wide screening with PSA
testing will reduce death and illness from prostate cancer.
Nonetheless, this test is commonly ordered by physicians
across North America. If screening is requested by an
asymptomatic man, the clinician should inform him of his
risk of prostate cancer, incorporating findings for all the
known risk factors for the disease — family history, age,
ethnicity, digital rectal examination findings, PSA level and
the results of any previous prostate biopsy. Based on his
own risk and understanding of the consequences of a can-
cer diagnosis, the patient can best determine whether a
prostate biopsy would be appropriate.

Table 2: A summary of the benefits and disadvantages of the 3 possible outcomes of a prostate biopsy

Biopsy result Benefit

Disadvantages

Negative (no cancer)
cancer

Positive for low-grade (less
aggressive) prostate cancer
of related death

Positive for high-grade (aggressive)
cancer (Gleason grade 7-10)

» No current evidence of prostate

« Early treatment can prevent
further illness and the possibility

« Early diagnosis and treatment
provides an opportunity for cure

» The biopsy may have been unnecessary
» Sampling error: existing prostate cancer could be missed
« Prostate cancer could still develop in the future

« Many tumours grow too slowly to pose any danger during
a lifespan; treatment is therefore unnecessary — but we
cannot tell when this is true

« Cancer could already be incurable at time of diagnosis
« In a few cases, such tumours can still be indolent and
receive treatment that is unnecessary
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